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ABSTRACT 

Measurements of Saturn’s disk temperature are compiled to determine the 
planet’s microwave spectrum from i mm to 10b cm wavelength. The data 
were adjusted to conform with a common flux density scale. A model of 
Saturn’s rings is used to remove the effects of the rings from the 
atmospheric component at centimeter and decimeter wavelengths. Theo- 
retics! spectra for a number of co nve ct i v e atmospheric models were 
computed and compared with the observed spectrum. Radiative-convective 
models with approximately solar composition and with an effective tem- 
perature of "89 K are io good agreement with the observations. The 
agreement between the observed and theoretical spectra is a strong indi- 
cation that gaseous ammonia is present in Saturn's atmosphere. A good fit 
to the data is obtained with an ammonia mixing ratio of ~5 X 10~ 4 . Lower 
values of the NH, mixing ratio can also provide a good fit provided an 
additional source of microwave opacity is present in Saturn’s atmosphere. 
Liquid water droplets in the troposphere could provide a substantial 
microwave opacity. A comparison of the millimeter wavelength data with 
the "best-fitting" atmospheric spectrum indicates that the thermal com- 
ponent of the ring brightness temperature near 1 mm wavelength » 
-25 K. 


INTRODUCTION 

Theoretical studies have shown that Saturn’s microwave spectrum can be 
explained by thermal emission from the tropospheric region of an atmosphere with 
generally solar composition and with ammonia as the primary source of microwave 
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opacity (Guilds etal . . 1969; Wrixon and Welch, 1970; Gulkis and Povnter, 1972; Oh ring 
and Lacser, 1975). In all of these studies, the influence of the rings on the observed 
brightness temperatures was assumed to be negligible. Because the available 
data consisted almost entirely of observations mads with very low spatial resolution, 
the microwave properties of the rings were virtually unknown. In recent years, 
measurements of the plrne* and rings have bsen made with radio interferometers operat- 
ing at wavelengths from 0.8 to 21 cm. These new data provide strong constraints on 
the microwave properties of tire rings and hence their influence on the microwave spec- 
trum can now be estimated, hi addition, the microwave flux-density scale, which is 
used to calibrate die planetary m. .surements, has been defined with better accuracy' and 
over a larger wavelength interval than it was only a few years ago. In this paper we 
make use of the new data to re- analyze Saturn's microwave spectrum. 

We have compiled a new list of the published measurements of Saturn’** micro- 
wave disk temperature for wavelengths between 1 mm and 100 cm. The data are nor- 
malized to a unif orm calibration scalo and the effects (e.g. , obscuration, scattering 
and emission) of the rings are computed for a simple model of the rings. Computed 
spectra for several atmospheric models are compared with the spectrum from 0. 8 cm 
to 100 cm. The influence of the rings in this spectral region is found to be small and 
it can be removed with confidence . Two 'best fit" models are determined, one with an 
NHg mixing ratio which is somewhat greater than a solar value, and the other with a 
solar- like NH^ mixing ratio but with an additional opacity source near the 270 K level 
in the troposphere. When either of these atmospheric models are extended to millimeter 
wavelengths, the computed temperatures fall systematically below the observed disk 
temperatures. This result is explained if the thermal component of the ring brightness 
temperature, assuming both the A and B rings are uniformly bright, is -25 K for wave- 
lengths near 1 mm. Finally, we computed the vertical transmission loss tiiat a probe 
communication link is likely to encounter as it penetrates Saturn's atmosphere. 


SATURN'S MICROWAVE SPECTRUM 
Data Normalization Factors 

Our list of measurements of Saturn from 1 mm to 100 cm is given in Table 1. 
Becruse most of the observations were obtained with single ante a” as having low spatial 
resolution, the majority of the reported temperatures include the integrated flux density 
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Table 1. Saturn's Microwave Spectrum 
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Table 1. Saturn's Microwave Spectrum (oontd. ) 
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Table 1* Saturn's Microwave Spectrum (oontd.) 
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Table 1. Saturn’s Microwave Spectrum (contd. ) 
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a The factor fcAL is the multiplier used to normalize the observod disk temperatures to the microwave flux density 
scale of Baars, Genzel, ?auliny-Toth and Witzel (1977) for 100 > A >1 cm; and the spectrum of DR-21 for 1 > X > 

0.3 cm (Dent, 1972 ; B. L. Ulich private communication). For \< 0.3 cm, we rely on the calibration of the most 
recent observations, and we normalize the older data to this calibration via the observed ratios of Saturn to Jupiter 
and Venus. 

°The disk temperatures listed in column 2 are based on the solid angle given by the polar and equatorial semi- 
diameters of Saturn published in the AENA. The factor f n (B) corrects this reference solid angle to the value for an 
oblate spheriod inclined to the observer at the angle B. 

C ♦ ♦ 

The ratio T g /T D , where T R = T D f c ^ L f corn P utet ^ has ©d ° n the ring model described in the text. 


* 

Ty is thus the equivalent disk temperature of the Saturn-ring system, adjusted to a common flux density scale 
and corrected f?* viewing geometry, while Tg is the average brightness temperature of the disk alone. 



from both the planet and the rings. The temperatures given in the second column of the 
table are based on the assumption that all of the observed flux density is emitted from 
the solid angle of the apparent disk of Saturn, i.e. , emission, scattering and obscura- 
tion by the rings was ignored for all but the nine interferometric observations. We 
treat the interferometric data separately because the influence of the rings was already 
removed by fee authors. In the following dismission we describe the various correc- 
tion factors we have applied to the original data to derive the final disk temperatures 
(Column 8), which represents (he microwave spectrum of Saturn's atmosphere. 

All of the observed temperatures were adjusted to a common flux-density scale 
given by Baars et oL (1977), and to the solid angle computed from the polar and equa- 
torial semi-diameters given in tee American Ep! c meris and Nautical Almanac. The 
flux scale normalisation factor?, f CAL » are listed in Column 5 of Table 1. An addi- 
tional correction was applied to the data to account for the fact (hat tee solid angle of 
an oblate spheriod varies with B, which is tee angle tee planet is tipped toward (or 
away from) the Earth at tee time of the observation. The corresponding correction 
factors for the solid angle, fg(B), are given in Column 6. 


Influence of tee Rings 

To remove the influence of tee rings from Saturn's microwave spectrum, we 
adopt a model for the microwave properties of the rings and use this model to derive 
correction factors to be applied to tee single antenna measurements. These correc- 
tion factors, given in Column 7, convert tee measured disk temperatures, which 
include the influence of the rings, to the temperatures that would have been observed 
if there were no rings. We account for the finite be am width of the antenna used for 
each measurement. The latter correction is primarily important at the short wave- 
lengths where tee spatial resolution of antennas can be comparable to tee angular size 
of Saturn's Ring system. The correction factors account for tee weak thermal emission 
from the rings, for the fraction of thermal emission from Saturn's disk reflected off 
the rings, and for the attenuation of atmospheric emission transmitted through the sector 
of the rings which obscures the planet. The three components are schematically 
identified in Figure 1. 

The nominal ring model incorporates the following assumptions and approxima- 
tions. First, we assume that only the A and B rings are important to this discussion 
and that tee microwave properties of these two rings are identical. We adopt f = 0.7 
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Figure 1 . Schematic model of the brightness distribution of Saturn and the rings. Gwen the ring parameters 7 ", 
and t, the brightness temperature, T s . of Saturn's disk can be determined for any ring-inclination B. T s is the 
temperature that would be measured in the absence of the rings. 


for the optical depth of the rings at normal incidence and compute the absorption of the 
atmospheric emission by the obscuring sector of the rings (see Figure 1). We further 
assume that the opacity is independent of frequency over the microwave spectrum. 

These assumptions are based on the results of recent interferometric observations 
(Briggs, 1973; Berge and Muhleman, 1973; Cuzzi and Dent, 1975; Schloerb, 1977; Janssen 
and Olsen, 1978). 

The ring brightness temperature, T R is given by the sum of T t and f(r)Tg, 
where T t is the thermal brightness temperature of the rings, f(r) is an expression for 
the radial dependence of the reflected atmospheric temperature, Tg. The function 
f(r) is computed with the assumption that the rings form a perfectly- reflecting 
Lambe rtian- s catte r ing surface. This assumption is an acceptable approximation to 
the more physically realistic models with multiple scattering computations (see e.g. , 
Schloerb, 1977). The observational results for \ > 1 cm show that T R is consistent 
with the reflected component as the primary source of brightness with the possibility 
of a small thermal component. For our nominal model, we set T fc = 2 ± 2 K and calcu- 
late an average total ring contribution of T R ~ 7 K. This choice encompasses the 
results of all interferometric measurements at centimeter wavelengths. 

There is evidence that T t increases with decreasing wavelength shortward of 
~1 cm, but the wavelength dependence is strictly unknown. The computations of the 
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correction factors listed in the table are based on the assumption that T. increases 
monotonically from T t ~7K near 8 mm (Janssen and Olsen, 1978) to - 25 K near 
1 mm wavelength. We show in a following section that this increase in is consis- 
tent with the millimeter observations. 

A computer program was written to calculate the disk temperature of the model 
illustrated in Figure 1 and described above. The brightness temperature Tg was 
adjusted to give the corrected disk temperature T^* = T Q * CAL The corres- 

ponding correction factor T 0 /T* was then calculated for each single antenna obser- 

o u 

vation in Table 1 and is listed in Column 7. The brightness temperature Tg 
(Column 8) is the disk temperature of Saturn which would be measured in the absence 
of rings. 


ATMOSPHERIC MODELS 

We computed theoretical microwave spectra for several models of Saturn’s 
atmosphere to compare with the observational data. Each model is in hydrostatic 
equilibrium throughout, with the lower troposphere in convective equilibrium. The 
temperature-pressure profile in the upper stratosphere is given by the solution of the 
Eddington equation for a constant-flux, gray radiative atmosphere. The range of 
models is constrained by the effective temperature, T , that we allow in the solution. 
Current estimates of Saturn's effective temperature, derived from infrared observa- 
tions, are near 90 K (e.g. , Ward, 1977). We will restrict our discussion to three 

models which we designate Nominal (T = 89 K), Cool (T = 84 K) and Warm (T = 

6 © © 

94 K). 

The composition for each model is assumed to be primarily H 2 and He with 

CH. , NH„ and H 0 0 as minor constituents. The H„, He and CH. are assumed uni- 
4 3 2 2 4 

formly mixed throughout the atmosphere with a He/H„ number mixing ratio of 0. 2 and 

-3 " 

CH 4 /H 2 = 2.1 x 10 (Caldwell, 1977). Ammonia is assumed to be uniformly mixed in 
the troposphere and saturated in the upper troposphere. The partial pressure of satu- 
rated ammonia is controlled by the temperature according to the condensation relation 

Log P NH = 9.9974 - 1630 T" 1 (1) 

3 

where the pressure is in millimeters of Hg and T is degrees Kelvin. 
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The procedure for calculating the models begins with an initial estimate of a 
pressure- temperature point on an adiabat deep in the atmosphere (p > 10 atm). Solu- 
tions to tiie equation of hydrostatic equilibrium give the pressure at successively 

higher altitudes as the temperature decreases with the adiabatic gradient. For our 

2 -I 

choices of composition and gravitational acceleration (g = 905 cm s ) the adiabatic 
gradient is -0.97 K km -1 . Both t' j adiabatic lapse rate and a radiative lapse rate are 
calculated at each pressure point, until the adiabatic gradient overtakes the radiative 
gradient. Above this point, the temperature follows the radiative profile with 
increasing altitude. With this procedure, eac \ pressure-temperature profile is 
uniquely specified either by a single pressure-temperature point or by the effective 
temperature. A more complete discussion of this procedure is given by Klein and 
Guilds (1978). 

The pressure-temperature profiles for our Warm, Nominal and Cool models 
are shown in Figure 2. The condensation temperatures for water and ammonia are 
marked to indicate the respective pressures where cloud bases are expected. The 
solid curves represent the convective portion of the atmosphere and the broken curves 
show the radiative regime. The thermal profile in and above the stratosphere does not 



TEMPERATURE, K 

Figure 2. Pressure-Temperature profiles are shown for three atmospheric models of Saturn described in 
the text. The Cool, Nominal and Warm models correspond to the effective temperatures, respectively shown 
from left to right, T e = 84K. 89K, 94K. 
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affect our interpretation of Saturn's microwave spectrum because the microwave 
opacity is very small in this region. For this reason we are not concerned with a 
temperature inversion which might form at high altitudes. 

The atmospheric parameters, i.e. , pressure, temperature and composition 
are related to the observed microwave brightness temperature through the equation of 
radiative transfer. The final step of our modeling program (see Klein and Guilds, 
1978) is to compute the distribution of the microwave brightness over the planet and 
from this we compute the mean brightness temperature of Saturn's oblate disk as a 
function of frequency. The resultant microwave spectrum for each model can then be 
compared with the spectrum, of the "ring free" temperature, Tg. 


INTERPRETING THE SPECTRUM 
The NHg Abundance 

Among the various molecular species that have been detected or that are likely 
to be found in Saturn's atmosphere, ammonia is by far the most effective source of 
microwave opacity. For this reason, the observed microwave spectrum contains 
information on the average concentration and vertical distribution of ammonia on a 
global scale. In particular, the shape of the computed spectra corresponding to 
different atmospheric models depends upon our choice of [NHg], which is the number 
mixing ratio of ammonia at depth, and upon the pressure-temperature profile of each 
model. In this section the observed spectrum of Saturn's atmosphere is compared 
with the computed spectra for our Nominal model (T = 89 K). Several values of 
[NH„] are obtained and the sensitivity of the result to variations in other model assump- 

O 

tions is discussed. 

For our study of the ammonia mixing ratio we concentrate on the spectral region 
from 0. 8 to~50 cm. Our confidence in both the ring-model corrections and the accuracy 
of the flux density scale is considerably greater for \ > 8 mm. The long-wavelength 
limit is imposed by the uncertainty of extrapolating microwave absorption coefficients 
to the deep atmosphere where pressures exceed 1000 atmospheres; ‘'mission from 
these regions begins to contribute significantly to the brightness temperature for wave- 
lengths beyond ~50 cm. Exclusion of data at wavelengths longer than 50 cm minimizes 
the possible effects of non-thermal (synchrotron) emission from trapped radiation 
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belts. Condon et al. (1974) show that oostulated components of synchrotron emission 
are insignificant for A < 21 cm. 

The measurements of Saturn's microwave spectrum for wavelengths >8 mm are 
plotted in Figure 3. Theoretical spectra for our Nominal model with selected values 
of [NHJ are represented by the four curves. It is evident that mixing ratios between 

_*4 -4 

3 x 10 and 10 x 10 yield acceptable fits to the data. A formal analysis with 

_4 

weighted Chi-square tests gave an optimum abundance of [NHg] ~5 x 10 . For this 
analysis we included all data in the range 0. 8 < A < 21 cm, each weighted by the square 
of the reciprocal of the relative error. 

A constant multiplier, which was an additional free parameter in the analysis, 
allows for a uniform uncertainty in the absolute flux density scale. The minimum 
Chi-square solution was found with this constant equal to 0.96, which is consistent 
with this uncertainty. However, factors less than unity can also be explained (1) if we 
have underestimated the thermal emission from the rings; (2) if the ring opacity is less 
than 0.7; or (3) by atmospheric model assumptions that are invalid. One plausible 
example of the latter is the increase in disk temperature that occurs if the NHg is not 
completely saturated in the cloud regions. For example, the relative NHg humidity 
might differ from one area to the next on the disk (e. g. , belts and zones). 

The relative insensitivity of the computed spectra to nominal changes in T g 
and the He abundance is demonstrated in Figures 4 and 5. The small changes in slope 
of the computed spectra that occur at the longer wavelengths can be compensated in 
the model by incrementing the value of [NHg] an insignificant amount. 


Model with HgO Cloud 

Noting that atmospheric models predict the formation of a water cloud near the 
270 K temperature region, one might a k if there is any evidence of such a clo.— ' \ 
Saturn's microwave spectrum. To investigate this possibility, we added a vark .e 
opacity term to our model near the 270 K level and recalculated the microwave spec- 
trum for the Nominal pressure-temperature model. The ammonia mixing ratio was 
-4 

reduced to 1.5 x 10 to bring it into agreement with the solar N abundance. The 

-2 

microwave opacity in the "cloud" region was assumed to be r , = r v , where t = 1 

cl o ’ o 

at 1 GHz and v is the frequency in GHz. Our choice of opacity is based on the micro- 

O 

wave absorption of small (<1 mm) water droplets and a cloud density of ~35 g m 
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•V A VE LENGTH, cm 

Figure}. The micron ate spectrum of Saturn's atmospheric temperature m the uaulength internal 0.8 t» WOcm. Tin filled 
emits represent single antenna data which bait been adjusted slightly to remote the influence of the rings. The eight triangles 
represent the interferometric measurements which do not require ring correct tons . The (our curies represent the computed spectra 
for oar Sonstnal Model u tlh four taints of the NH, mixing ratio. 
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Figure 4. The effect of varying T e . the effectne temperature ,/r the cor, uled mtemuatt ,tx\trum. 
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(from Weidenschilling and Lewis, 197?>. In Figure 6 wc show ti e calculated optical 

depth oi this type of cloud as a function of frequency. 

The result of the cloud model computation is shown in Figure 7. The solid 

curve is the spectrum of the model with no cloud (r = 0) and the dashed curve shows 

o 

the effect of adding a cloud with - 1. The trend is correct, i.e. , the slope of the 

spectrum between ^6 and 21 cm is flattened just as the data tend to be; but the model 

curve misses the dense cluster of points near X = 21 cm. Increasing the cloud opacity 

does not solve the discrepancy. The 21 cm temperature is only reduced an additional 

2K when r is doubled, 
o 

This very simple cloud approximation shows promise even though our first 
attempt failed to provide a good fit to the data. There is a need for further investiga- 
tion of the vertical extent of the cloud model. Weidenschilling and Lewis (1973) 
suggest that cloud condensation might occur at altitudes above the saturation level, 
and that cloud particles might be swept up to higher altitudes by convection. These 
conditions w'ould shift the peak of the cloud opacity to higher altitudes and lower 
temperatures. In a preliminary test, we computed the spectrum for t q * 1 at the 
250 K level and found that the 21 cm disk temperature was suppressed 10 K, bringing 
it into qualitative agreement writh the observations. 
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Fignr, 6 OfkAiry at a funetum of fmfMtmrt confuted 
for a clomd of Hater droplets uith density -» Jt/- 3 
-Vju A a tload has keen postulated for Saturn fry XTeiden- 
sehtllrtg and lou ts < I V i >. 



Figure The mienuate sputmm of Saturn's atmosphere rt th the sesmtnaJ mod e l. Cants 

for j solar saint of SH, mixing rjltoan </*<_» uith and h ithool stood epos try near the 2~d K leid of 
the atmosphere. 
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THE MILLIMETER SPECTRUM OF THE RINGS 


The atmospheric models that fit the spectrum at centimeter wavelengths can be 
used to investigate the thermal spectrum of the rings at millimeter wavelengths. The 
atmospheric brightness temperatures, which are controlled by the ammonia opacity, 
are only weakly dependent on the exact choice of the NH^ mixing ratio because the 
peak opacity at short radio wavelengths occui s near tha cloud forming region where 
the ammonia is saturated. If we assume that the millimeter spectrum of the atmo- 
sphere is adequately determined by the models that fit the longer wavelength data, 
any excess emission at millimeter wavelengths can be attributed to thermal emission 
from the rings. 

The short-wavelength data between 0.1 and 0.3 cm are shown with theoretical 
spectra in Figure 8. The solid curves represent tbe spectra for the two values of 

_4 

ammonia mixing ratio considered above, i.e. , [NH^] = 1.5 and 5 x 10 . The data 
have been corrected for ring obscuration and scattering effects, but the thermal com- 
ponent, T t , is set to zero. The intent here is to demonstrate that these partially 
corrected temperatures are systematically higher than the mode) curves, which 
implies that Hie rings do emit thermally at millimeter wavelengths. 

The dashed curves in Figure 8 demonstrate the magnitude of the Increase in the 
computed microwave spectrum that occurs if the rings emit thermally. Because the 
thermal llux density received from the rings at a given frequency will vary with the 
solid angle of the ring surface, we show the computed spectra for twe values of ring 
inclination. The ring brightness temperature spectrum shown in Figure 0 is assumed 
for these computations . 

We obtain a ring brightness temperature spectrum by attributing the excess 
flux (measured minus predicted with = 0) to thermal emission from the rings. 
The resulting spectrum is shown in Figure 9. Intrinsic thermal emission from the 
rings is indicated. The averr<ge of the excess temperatures between 1 mm and 2 mm, 
weighted by their absolute errors, gives T { - 25 K. This result is consistent with 
the ring brightening from T { - 7 K at 8.6 mm (Janssen and Olsen, 1973). An increase 
of thermal ring emission at millimeter wavelengths is not surprising since the bright- 
ness must approach •'•95 K, the observed temperature at 10 pm. Furthermore, ice is 
a likely candidate for the ring particle composition, and its absorption coefficient 
increases markedly in the millimeter wavelength region. 
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Figure 8. Sa!!tnr's 01-0.8 .HI Spectrum with ring-model correction The measured J: I i temperatures hate htcr: adjusted 
to account for the presence of the rings u ith the assumption that there is no thermal emission from the rings The two solid canes 
represent the short u ate length spectra for the range of atmospheric myitis that ft the 0.8-100 cm micron an spectrum. The 
tendency for the data to fall systematical /> ahoie the model spectra suggest! that thermal rmisc-n from the sings i> present. The 
two dashmi eunses shots the increase m the . omputed speetra hr tu<- talue- ../ B and the ring ./V. truer, sh/su n in Figure 9 
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Figure 9. .4 millimeter spestrun t" r 

the thermal emission of Saturn's mugs. 
The founts ar t deritij from list disk 
temperature measurements by assuming 
that the atmospheric spectrum is guest h\ 
the SH y — 5 .X 10 4 mixing ratio 
sst'sdcl . and that the excess obtested 
esnisstim max be ascribed to untjnrmlx 
distributed thermal emission 'rum the A 
and B ring: The cunt i‘ dr just to 

interpolate belueen the naan taiue T ■ =--. 
25 K at 0. 1 9 cm and rhe interfer-onel'i, 
determination at 1 1 - ~ K at 0. S mm 
Error bars from points shown a< open 
are Its art the gtttst absolute errors, u bile 
the error bars from the points marked hx 
plied circles thou the guess rtlatnt errors 
of measurement. 
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THE MICROWAVE SPECTRUM OF SATURN'S ATMOSPHERE 


The microwave spectrum of the thermal emission from Saturn's atmosphere is 
shown in Figure 10. The effects of the rings have been removed from the data as dis- 
cussed above. The n ominal ring model was used with the ring b rightness-temperature 

spectrum shewn in Figure 9. Two model spectra are shown; the solid curve repre- 

-4 

sents the computed spectrum with [NHg] = 5 x 10 , whereas the broken curve repre- 

sents the spectrum for the model with a lower NHj abundance and the additional source 
of opacity near the 270 K level (i.e. , an H^O cloud). 

There is good agreement between the model spectra and the ring-corrected data 
over the entire band, which spans three decades in wavelength. This agreement pro- 
vides a strong argument that ammonia is present in Saturn's atmosphere, since NH„ is 

O 

the primary source of microwave opacity in the models. The shape of the spectrum in 
the wavelength interval centered on the 1.25 cm inversion band of NH_ and the 130-135 K 

O 

disk temperatures that are observed near the band center are in excellent agreement 



WAVELENGTH, cm 

Figure 10. Saturn's mienuate spectrum u tth data corrected fere ring effects . Computed spectra .sir shown for the Nominal 
Model (Te — 89 K>/or tun values of ammonia mixing ratio, one with a cloud opacity near T = 270 K < dashed cunt ). and 
one u rthout an additional tourer of opacity I solid curve ). 
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with the models. Without the NH^ opacity, these models yield disk temperatures in 
excess of 200 K at these wavelengths. 

In the 10-21 cm region there is some evidence that the observed spectrum is 
slightly flatter than the model spectra. The agreement is good for both models shown, 
when one considers the statistical scatter in the data over the entire spectrum. Never- 
theless, some improvement may be possible if more sophisticated cloud models are 
investigated and applied. 

The model spectra at the longest wavelengths (>30 cm) are probably the most 
uncertain. Our assumptions regarding the absorption coefficient of the atmosphere at 
great depths, where temperatures and pressures exceed 1000 K and 1000 atmospheres, 
surely become invalid. Additional sources of opacity, e.g. , from pressure induced 
.onization, may become important. A component of nontbermal emission from a 
Saturnian radiation belt is also plausible at these long wavelengths. Nevertheless, it 
is encouraging that the three measured temperatures are completely consistent with 
the relatively simple models that we have presented here. 


ATMOSPHERIC TRANSMISSION LOSSES FROM A PROBE 

With the models of Saturn's atmosphere in hand, one can readily compute the 
atmospheric attenuation that must be considered in the design cf a probe communica- 
tion system. We have performed the calculations for our nominal model atmosphere 

-4 

with a nominal ammonia mixing ratio of [NH^] = 3 x 10 . Cloud opacities were not 

included. The single-path absorption for three plausible probe frequencies are 
plotted as functions of pressure in Figure 11. The attenuation refers to the accumu- 
lated signal loss from a probe transmitting from a given pressure level in the atmo- 
sphere, e.g., a 2 Gilz signal from the 10 atmosphere pressure level would be attenu- 
ated 4 db when transmitted vertically through the atmosphere. 

A different representation of the results is shown in Figure 12, where we 
plot the vertical path absorption vs frequency for probe penetrations to pressure 
levels of 10, 30 and 100 atmospheres. We also show a computed attenuation curve 
(dashed line) for a probe in Jupiter’s atmosphere. Note that the vertical attenuation 
to a given pressure level in the Jovian atmosphere is considerably less than the 
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Figure II. Vert ual (single path) transmission toss in 

Saturn's atmosphere for plausible probe communication 
frequencies. The nominal atmospheric model with (NH } } 
— 3 x 10~ * is assumed. 



FREQUENCY, GHz 


Figure 12. Vertical transmission loss from a probe at 
three pressure levels in Saturn's atmosphere. Computed loss 
vs. frequency is based on the nominal model atmosphere 
with ammonia mixing ratio — 5 sc I0~*. Dashed curve 
shows a similar attenuation vs. frequency curve for the 30 
atmosphere level in Jupiter's atmosphere, where the predicted 
signal loss is not as great as in Saturn's atmosphere. 
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corresponding loss in Saturn's atmosphere. From the figure, we note that the "dB-loss" 
in Saturn's atmosphere is approximately three times greater. At 600 MHz, the vertical 
loss to 30 atmosphere pressure is 3 dB greater in Saturn's atmosphere. In general, 
the relation can be expressed as 

Loss dB Saturn “ 3 * Loss dB Jupiter’ < 2 > 
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DISCUSSION 

J. WARWICK: Mike, do you see any evidence for possible synchrotron emission 
in this spectrum ? 

M. KLEIN: There's no compelling evidence. What we see is that even at wave- 
lengths near 90 cm there doesn't seem to be any excess in the brightness temperature. 
But there could be some contribution due to synchrotron emission because as we get down 
to 90 cm the thermal models are rather uncertain. The ammonia absorption coefficient 
is not well known at several thousand degrees temperature and thousands of atmospheres 
of pressure. However, all I can say is that we see no compelling reason to assume that 
we need synchrotron radiation to explain the spectrum. 

D. CRUIKSHANK: In the models and the observations of the Jupiter microwave 
spectrum, the ammonia line at 1.25 cm is fairly pronounced. Is there some simple- 
minded reason why that doesn’t show up very strongly either in the observations or the 
models of Saturn? 

M. KLEIN: For Saturn we have a higher-pressure model than we had for Jupiter 
because the lapse rate is different. Then since we are looking at a higher pressure, the 
line is spread out by eollisional broadening. 
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